We examined the application and review materials of three calls (n = 2,823) of a prestigious grant for personal research funding in a national full population of early career scientists awarded by the Netherlands Organization for Scientific Research (NWO). Results showed evidence of gender bias in application evaluations and success rates, as well as in language use in instructions and evaluation sheets. Male applicants received significantly more competitive "quality of researcher" evaluations (but not "quality of proposal" evaluations) and had significantly higher application success rates than female applicants. Gender disparities were most prevalent in scientific disciplines with the highest number of applications and with equal gender distribution among the applicants (i.e., life sciences and social sciences). Moreover, content analyses of the instructional and evaluation materials revealed the use of gendered language favoring male applicants. Overall, our data reveal a 4% "loss" of women during the grant review procedure, and illustrate the perpetuation of the funding gap, which contributes to the underrepresentation of women in academia.
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gender bias | research funding | success rates | academia | STEM W omen are still underrepresented in academia today. Despite various attempts to promote gender equality (e.g., affirmative action initiatives, quotas), female scientists are less likely to get offered tenure, are judged to be less competent, receive less payment and research facilities, and are less likely to be awarded research grants compared with male scientists (1) (2) (3) . Over time, this type of bias accumulates and contributes to the attrition of women from academia (4); the academic pipeline leaks. Here we report evidence of gender bias in personal research funding for early career scientists.
The importance of equal gender representation is widely acknowledged, for several reasons. First, it can resolve historic inequalities and provide equal opportunities (the "moral case for diversity") (5, 6) . Second, research has demonstrated that gender diversity in organizations can boost innovation and creativity, expand target groups, and increase productivity (the "business case for diversity") (7, 8) , either directly or indirectly through decision making processes or reputation, and provided that the organizational culture is open to change (9) (10) (11) (12) . This is true for academia as well. Gender-diverse research teams facilitate innovation and excellence in research and policy, address different research questions and methods, and facilitate wider application of research findings (13) , thereby contributing to scientific progress.
Relevant statistics, however, show a persistent leadership gap, salary gap, and funding gap for women in academia (3). To illustrate, The Netherlands-generally considered a high-equity nationhad only 16% female full professors in 2012 (14) . Leadership is stereotyped as masculine and consequently associated more strongly with stereotypical male traits rather than female traits. Although women are equally effective in, and equally likely to use optimal leadership styles, as men (15, 16) , women continue to be devalued as leaders due to the influence of gender stereotypes on judgment (17) . Overall, science also is more implicitly associated with men than with women, because gender stereotypes characterize women as lacking the masculine traits associated with ability and success in science (18, 19) . For instance, a recent study linked the level of women's underrepresentation across academic disciplines to the magnitude of the stereotype-based assumption that innate talent is associated with male traits and considered necessary for academic career success (20) . Moreover, women still earn on average 18% less than their male colleagues for the same work with similar responsibilities (3). Although the salary gap seems to narrow for early career researchers, women in top academic positions are still substantially underpaid compared with men. Finally, across different career phases, success rates for female scientists applying for research funding tend to be lower than for male scientists (3, 21, 22) . Even when overall success rates for men and women are equal, women receive less research funding than men, and are less often listed as principal investigators (23) (24) (25) . Closing the funding gap is of particular importance, because this may help retain women in academia and foster the closing of other gaps by facilitating negotiations about salaries, research facilities, and promotion opportunities.
Current Study
To investigate the possibility of a funding gap, we examined a national full population of early career researchers who applied for a prestigious personal grant between 2010 and 2012 (Innovational Research Incentives Scheme Veni; n = 2,823, with 42.1% female applicants) awarded by the Netherlands Organization for Scientific Research (NWO). The NWO made available anonymized data from their archives for the purpose of this study, and approved publication of this research.
Our focus in this study was twofold. First, we tested for applicant gender differences in success rates and application evaluations. In doing so, we analyzed applicant gender as a statistical predictor of final success rates and also the success rates at each step in the review procedure (application, preselection, external reviewing,* interviews,
Significance
Women remain underrepresented in academia as they continue to face a leadership gap, salary gap, and funding gap. Closing the funding gap is of particular importance, because this may directly retain women in academia and foster the closing of other gaps. In this study, we examined the grant funding rates of a national full population of early career scientists. Our results reveal gender bias favoring male applicants over female applicants in the prioritization of their "quality of researcher" (but not "quality of proposal") evaluations and success rates, as well as in the language use in instructional and evaluation materials. This work illuminates how and when the funding gap and the subsequent underrepresentation of women in academia are perpetuated. This article is a PNAS Direct Submission. 1 To whom correspondence should be addressed. Email: ravanderlee@fsw.leidenuniv.nl. *External reviewing is conducted by international experts in the topic and field of the application proposal. Although these experts report their evaluation to the review committee, they are not considered members of the review committee.
and grant awards), as well as a predictor of committee evaluations for each assessment criterion (quality of researcher, quality of proposal, and knowledge utilization). Second, we examined the use of gendered language by content analyzing the instructional and evaluation materials. Together these data can provide evidence of the extent to which stereotype-based evaluations of male and female applicants resulting in differential awarding rates may contribute to the funding gap.
Application Evaluations and Success Rates
Of the total population of 2,823 applications examined, 467 were awarded, resulting in an overall success rate of 16.5%. The success rate was systematically lower for female applicants than for male applicants [14.9% vs. 17.7%; χ 2 (1) = 4.01, P = 0.045, Cramer's V = 0.04] (Table S1) . Examination of success rates at each step in the review procedure revealed a similar pattern; women accounted for 42.1% of the applicants, but their success rates declined at every step in the review procedure, whereas success rates for men increased during the review procedure ( Fig. 1) . A direct comparison of the proportion of women among the applicants (42.1%) and that among the grant awardees (37.9%) revealed a "loss" of ∼4% women during the grant review procedure.
We also examined the numbers of applications and success rates for reappliers, that is, applicants who applied to the same grant scheme for a second time.
† Women were just as likely as men to submit a reapplication [22.6% vs. 20.9%; χ 2 (1) = 0.39, P = 0.53, Cramer's V = 0.02]. The average overall success rate for reappliers were substantially higher than those for first time appliers [23.6% vs. 13.9%; χ 2 (1) = 11.10, P = 0.001, Cramer's V = 0.11], indicating that reapplying generally is beneficial. However, disentangling success rates for men and women who applied for the first versus a second time revealed that success rates for female first time appliers were considerably lower than those for male first time appliers [10.8% vs. 16.1%; χ 2 (1) = 4.06, P = 0.04, Cramer's V = 0.075]. Success rates for both men and women increased for reapplications (resulting in equal success rates for male and female reappliers), although the increase was more substantial for women (Table S2) .
To gain further insight in the processes that might account for these skewed success rates, we next assessed the different committee evaluations that were made. Throughout the review procedure, women received less favorable evaluations than men. That is, women were less likely to be prioritized in preselection recommendations as well as committee-evaluations after the interviews.
‡ During the preselection phase, reviewers rated applicants with one overall score indicating their potential for funding success. Analyses of the standardized preselection recommendations indicated that women were less likely to be prioritized than men [z = 0.07 vs. −0.05; F(1, 2388) = 7.94, P = 0.01, η 2 p = 0.003]. In the interview phase, applicants were evaluated on three assessment criteria.
§ Analyses of the evaluations for each of these assessment criteria revealed that women were less likely to be prioritized (mean = 2.85, SD = 1.09) for their "quality of researcher" than men [mean = 2.69, SD = 1.02; F(1, 1276) = 7.36; P = 0.007; η Importantly, no such differences between male and female applicants were observed for evaluations of "quality of proposal" [F(1, 1276) = 0.13, P = 0.72, η (Fig. 2 ).** We were able to rule out that these evaluations were due to unequal gender representation in the review committee. On average, committees contained 32.6% female reviewers; the gender composition of the review committee was unrelated to application evaluations and success rates for male and female applicants (26, 27) (SI Text and Fig. S1 ).
To explore differences between scientific disciplines, we ran similar analyses comparing the scientific disciplines distinguished by the NWO. The differences in success rates, as well as in the committee evaluations, of male and female applicants described above were most pronounced in the life sciences and social sciences (e.g., medicine, psychology) ( Fig. 3 and Table S1 ). These disciplines received a relatively high number of applications and also showed an equal gender distribution among the applicants. In comparison, scientific disciplines in which gender differences in success rates were less clearly visible (e.g., physics, mathematics) received a relatively low number of applications, of which only a few were submitted by women. In these fields, success rates and committee evaluations did not differ between men and women. This finding is in line with the distinction in science, technology, engineering, and mathematics (STEM) disciplines between mathintensive fields [geoscience, engineering, economics, mathematics/ computer science, and physical sciences (GEEMP)] and nonmath-intensive fields [life science, psychology, and social science Scientists are allowed to apply twice within the first 3 y after obtaining their PhD. These data were available only for one call, that is, applicants who applied in 2012. ‡ Applications were rated on a nine-point Likert scale ranging from 1, "excellent," to 9, "unsuccessful." Lower scores thus indicated more favorable evaluations and led to higher prioritization of applicants. § Applications were evaluated twice by the interview committee, once before the interview and once after the interview. Because these two scores were highly correlated (r > 0.60, P < .001 for all), here we present the average interview evaluation. **Applicants' track record data were not available for analysis.
(LPS)], showing that the pipeline leakage for women is most prevalent in the LPS disciplines (24) .
Language Use in Instructional and Evaluation Materials
In addition to analyzing application evaluations and success rates for men and women, we also content-analyzed the language use in instructional and evaluation materials. Because gendered language can impact the motivation of applicants (28-30) as well as their evaluation by others (31) (32) (33) (34) , it is important to assess the extent to which funding agencies rely on gendered language in their review procedures. To examine this, we content-coded the materials for the presence of three indicators of gendered language: explicit references to the NWO's gender policy, gender-exclusive language, and gendered wording.
We coded a total of 86 documents containing all written communications related to the application and review procedure in the years 2010-2012. These written communications contained both Dutch and English documents; we found no effect of language, because these were direct translations. The documents included grant calls, application information on the website, and evaluation sheets and instructions for committee members. Because the review procedure and instructions were similar across scientific disciplines and communications were generally standardized, the content-coded materials pertained to all scientific disciplines; however, we distinguished between different target groups addressed by the communications in the review procedure. That is, we compared gendered language use in written communications aimed at applicants, external reviewers, and committee members (preselection advisors as well as interview committees).
The NWO's gender policy was widely disseminated; 38.4% of all written communications contained references to its gender policy. There were major differences in the extent to which these references were included in the communications aimed at the target groups, however [χ 2 (2) = 11.24, P = 0.004, Cramer's V = 0.36]. References to the NWO's gender policy were most prevalent in the written communications directed at committee members (49.2%), where, for example, it was explicitly stated that "the board of NWO has decided that the disciplines have to specifically consider the selection of female applicants, conform the general policy of NWO. For the Veni procedure, this means that the percentage of female applicants that are selected needs to be equal to the percentage of female applicants that submit a proposal." References to this gender policy also were included in the written communications directed at applicants, albeit less often (26.7%); however, none of the written communications directed at external reviewers included references to the NWO's gender policy.
We next coded the written communications for the occurrence of gender-exclusive language † † ; that is, instances in which pronouns exclusively referred to one gender (e.g., "he") rather than more inclusive forms that referred to both genders (e.g., "he/she" or "they") (28). Gender-inclusive language was used in 79.2% of instances in which such pronouns appeared; however, the 20.8% of cases where gender-exclusive language was used always consisted of exclusive references to men (e.g., "man-years of research," "among the best 10-20% of his population") and never referred to women [t(52) = 3.67, P = 0.001, d = 1.02]. Written communications directed at applicants contained statistically equal instances of gender-exclusive language as documents directed at committee members and external reviewers [9.1% vs. 7.2% vs. 4.5%; F(2, 50) = 2.43, P = 0.10, η p 2 = 0.09] (Fig. 4) . We then coded the written communications for gendered wording. This implies that words that were used in these communications have been identified in research as referring to gender stereotypes (29, 31) . For example, masculine-gendered words included "challenging," "independent," and "adventurous," whereas feminine-gendered words included "responsible," "organized," and "thorough." In the instances where gendered wording occurred (0.66% of the total number of words, which is similar to the previously documented occurrence of gendered wording in job advertisements) (29) , 86.2% were masculine-gendered and 13.8% were feminine-gendered [t(85) = 7.55, P < 0.001, d = 1.64]. The difference was most pronounced in written communications directed at committee members, but also was observed in the written communications aimed at external reviewers and applicants [masculine-gendered wording: 91.8% vs. 85.9% vs. 76.2%; F(2, 83) = 5.38, P = 0.006, η p 2 = 0.115] (Fig. 5) . Importantly, the prevalence of masculine-gendered wording was most clearly visible in the We did not take into account the written communications containing explicit references to the NWO's gender policy, resulting in 53 documents coded for gender-exclusive language use. main evaluation criteria and requirements (e.g., "The target group for the scheme consists of outstanding individuals of exceptional talent and originality who have a great enthusiasm for the conduct of challenging, ground-breaking research. In view of the purpose of the scheme, it is obviously essential that candidates should have the ability to formulate and conduct a research programme independently."). Feminine wording was only used when describing the NWO's gender policy (e.g., "The maximum period of 3 years may also be relaxed if the candidate has a parttime research appointment with care responsibilities.") or as a secondary evaluation criterion (e.g., "Aspects such as management experience, valorization, and organizational experience are also important, as well as cooperation with international research teams and coordination of international activities such as conferences.").
The results of these content analyses revealed that the NWO's gender policy was widely disseminated (in approximately 50% of all written communications to committee members); however, this was not supported by the language use in the instructional and evaluation materials. The written communications contained both gender-exclusive language and gendered wording favoring male applicants over female applicants. Importantly, this was mainly the case for descriptions specifying the main evaluation criteria, as communicated to both applicants and reviewers. When gendered language did favor women, this was directly related to explanations of the NWO's gender policy or the descriptions of additional, secondary requirements.
Discussion and Conclusion
The data reported herein provide compelling evidence of gender bias in personal grant applications to obtain research funding. Our results reveal an uneven distribution in the success rates of men and women; the share of female grant awardees was smaller than what would be expected based on the share of female applicants. Gender disparities were visible in committee evaluations of the applicants, specifically in the prioritization of applicants' quality as a researcher (but not the quality of their research proposals), and in language use in instructions and evaluation sheets. In addition, systematically lower success rates were observed for female applicants compared with male applicants. Because applicants' track record data were not available for analysis, we cannot conclusively rule out the possibility that gender disparities in productivity resulted in differential evaluations of male and female applicants; however, this unlikely to be the case, given that productivity (i.e., number of publications and citations) of male and female early career scientists in The Netherlands are comparable (35), or can be explained by other factors, such as time allocation and available resources (24) . In addition, our data reveal that the proposals of male and female applicants were evaluated as equally competitive, indicating similar research ability.
Gender disparities were most pronounced in scientific disciplines in which female applicants were more visibly present and larger numbers of applications had to be processed (i.e., life sciences and social sciences). This corroborates previously reported evidence that especially women in LPS fields face more difficulties than men in advancing their academic career path (24) . Although our data reflect a national full population, the results and insights revealed speak to the broader issue of women's underrepresentation in academia and are highly relevant to other scientific funding agencies. For example, a comparable analysis of personal research funding success rates for early career scientists across Europe (n = 17,951 in the years 2007-2011) revealed a similar 'loss' of 5% of women in the grant review procedure of the highly prestigious European Research Council (ERC) Starting Grant (21) .
Although direct comparisons of funding rates of scientific agencies are rather difficult due to variations in grant types and review procedures (36) , at least one feature of the review procedure seems particularly prone to gender bias: researchers' track records. In our data as well as in the ERC Starting Grant review procedure, an important evaluation criterion is the "scientific excellence of the researcher." Both grant schemes reveal gender disparity in funding rates. At the same time, funding rates of the National Institutes of Health's (NIH) R01 new awards-where reviewers are requested to focus on the quality of the proposal alone-show no gender bias. The situation is different for the NIH's R01 renewal awards; here researchers' track records are heavily weighted in the review process, and gender disparity is present in application and funding rates disadvantaging women (37, 38) . Because the track record of applicants tends to be viewed as a key criterion for personal grant schemes, these awards seem particularly prone to gender bias. The introduction of review procedures with an exclusive focus on the research proposal constitutes a promising avenue to eliminate gender bias in awarding decisions.
The grant review procedure for personal research funding as examined in the present study highlights bias-enhancing conditions (2). First, particularly in the scientific disciplines with larger numbers of applications, it is more difficult for reviewers to thoroughly process the available information and carefully weigh all of the applications. This increases the likelihood of relying on heuristics, which has been related to the emergence of implicit biases (19, 39) . Second, repeated emphasis on gender policy endorsing the advancement of women while observing an equal gender distribution among the applicants might have misled reviewers into thinking that gender bias is no longer an issue. This "paradox of equality" has been documented Fig. 4 . The occurrence (in %) of gender-inclusive language ("she/he") and masculine gender-exclusive language ("he") in instructional and evaluation materials aimed at applicants, committee members, and external reviewers. to make people less vigilant for unequal outcomes and can actually enhance biased evaluations (40, 41) . Third, the use of masculine-gendered language in both instructions and evaluation sheets might have benefitted the evaluations of male applicants, given that their stereotypical qualities provide a more natural match with the way in which requirements are specified (31, 33) . Although our current data do not allow for a direct test of the effect of gendered language on gender disparities in awarding rates, our findings resonate with previous work demonstrating the effect of gendered language in tenure criteria on women's academic advancement (34) . Skewed evaluations are documented as being most visible in ratings regarding the perceived competencies of men and women, which matches our findings with respect to the "quality of researcher" ratings (22, 42, 43) . Circumstances such as these facilitate rather than diminish the effects of (implicit) gender stereotypes and biases, even in high-gender-equity nations. This sustains the funding gap, which contributes to perpetuation of the underrepresentation and divergent resources offered to women in academia.
